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Real-time feedback as a method of monitoring walking
velocity during gait analysis
Sarah TragerRidge, James G.Richards

Abstract
When quantifying the mechanics of gait, it is important to ensure that subjects
maintain a consistent walking velocity during gait analysis trials. Most methods of
measuring walking velocity do not produce data until after the subject has completed
the trial. This often results in discarding completed trials from analysis because the
subject's velocity was not within an acceptable range. Real-time feedback of position
data can be used to help subjects adjust their walking velocity during the trial, when
necessary. Results from 14 subjects who participated in gait analysis using real-time
feedback to monitor their walking velocity show that they were able to stay within an
acceptable range of their target walking velocities (each subject's preferred velocity
and 150% of their preferred velocity) during 90% and 80% of trials, respectively. This
method allows for accurate and efficient data collections without the use of additional
equipment.
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1. Introduction
Monitoring a subject's walking or running velocity is important when performing gait analysis.
Since previous research has shown that walking mechanics (joint angles, moments, powers,
EMG activity, and temporal–spatial characteristics) change at different walking velocities,
researchers often require a subject to maintain a certain walking or running pace during data
collections [1–3]. However, it is often difficult for subjects to control their velocity with the
precision required, especially when walking faster or slower than their own preferred velocity.
Typical methods of calculating over-ground walking velocity during data collections include the
use of a timer triggered by photocells set a pre-determined distance apart, using a stopwatch as
subjects walk a pre-determined distance, asking subjects to walk to the beat of a metronome,
and/or having subjects walk on a treadmill [4–6]. Unfortunately, other than using a treadmill
(which may not be appropriate for some studies) these methods do not provide velocity data until
after the trial is completed, which often leads to a need for repeated trials after instructing the
subject to walk “a little faster” or “a little slower”. Therefore, using real-time visual feedback to
monitor walking velocity during data collection may result in a more efficient testing
environment by reducing the number of trials needed to obtain quality data from a subject.

Real-time feedback has been used during biomechanical analyses for purposes such as helping
participants alter their mechanics to avoid injury, match a certain protocol, and give information
about force production or muscle activation [7–10]. As a method of monitoring walking velocity,
real-time feedback allows for consistent walking velocities, potentially reducing the need to
perform trials that may ultimately be discarded from data analysis. More importantly, this should
allow for shorter duration data collections, which is crucial when analyzing children and/or
patients for whom walking is difficult. This method can enhance the data collection process in
research using marker-based video motion analysis.

2. Methods
Data were collected from 14 healthy children between the ages of 11 and 17 years (average age
14.3 ± 2.1 years). Gait analysis was performed using 10 Eagle Digital Motion Analysis Cameras
(Motion Analysis Corporation, Santa Rosa, CA) collecting at 60 Hz. Forty-one reflective
markers were applied to anatomical landmarks to create 12 segments for full body analysis.
Marker position data was streamed in real-time from the motion analysis software to custom
LabVIEW software (National Instruments, Austin, TX).
Subjects walked across a designated walkway 3–5 times to establish their preferred walking
velocities. Average walking velocity was collected throughout each trial, and trials were
averaged to determine the preferred walking speed. In real time, average walking velocity was
represented by the average velocity of the sacral marker along the axis corresponding to the
direction of walking. The velocity of the sacral marker was calculated during each trial by
dividing the change in marker position between frames by the time elapsed between frames. Any
data that resulted in a velocity greater than 3.0 m/s was discarded, as this was considered
erroneous data. This ensured data was not included from before or after the edges of the data
collection volume or from other frames in which there was no data for the sacral marker position.
Calculation of the change in position from a frame with no data to a frame with data resulted in
artificially high velocities.
Using this information, subjects performed the rest of the walking trials while monitoring their
position on a screen at the end of the walkway (Fig. 1). The top slider represented the location of
the sacral marker in the direction of the walk as the subject moved through the volume. The
bottom slider represented the subject's instantaneous target position along the walkway, based on
his/her start position in the volume and his/her preferred walking speed. The sliders aligned
when the subject entered the data collection volume at which point the bottom slider progressed
from left to right at the subject's preferred walking speed. The subject was instructed to keep the
top slider aligned with the bottom slider. Trials were also performed at 150% of the subject's
preferred speed, with the bottom slider reflecting the faster speed.

Fig. 1. Image projected onto the screen at the end of the walkway. The numbers along the bottom
represented the x-axis of the laboratory coordinate system (subjects always walked in the +xdirection).

To determine the efficacy of this method at monitoring walking speed, the percent difference
between each subject's target speed and his/her actual average speed throughout the trial were
calculated and compared.
The data reported in this paper were collected as part of a protocol designed to investigate
strategies for gait termination. Subjects were required to stop walking as soon as they saw a stop
sign appear on the same screen on which they were monitoring their velocity. Subjects did not
know when this signal would appear. As a result, some subjects were slowing slightly in
anticipation of the stop sign as they reached the end of the volume. Due to the nature of the task
under investigation (unplanned gait termination), it was crucial that we were able to monitor
subjects’ walking velocities throughout the trial. Walking velocities presented in the paper were
calculated from the moment subjects entered the data collection volume until the “stop” signal
was presented.

3. Results
Subjects were able to maintain their preferred speed by visually monitoring their own velocities
during 90.6% of the trials. The fast condition was more difficult, resulting in subjects
maintaining their faster speed during 82% of the trials, though seven subjects were within ±10%
in every trial. Table 1 lists the total number of trials completed by each subject and the number
of those trials completed with an average velocity within ±10% of his/her target velocity.

Table 1. Number of walking trials completed by each subject and the number of trials in which the subject's actual
walking velocity was within ±10% of the target walking velocity.
Subject

# Trials

# Within ±10%

# Trials

# Within ±10%

1

8

8

6

6

2

8

5

12

8

Subject

# Trials

# Within ±10%

# Trials

# Within ±10%

3

10

10

6

3

4

10

9

10

4

5

10

8

7

4

6

5

4

17

17

7

10

9

10

10

8

12

10

6

6

9

9

9

11

11

10

9

8

8

6

11

10

10

15

12

12

16

16

9

9

13

16

15

14

14

14

17

17

12

10

Velocity data from a representative trial is shown in Fig. 2. The steep decline in velocity at the
end of the graph shows data after the subject was given the signal to stop. Despite the challenge
presented by this stopping protocol, subjects maintained a speed that was similar to their target
speed throughout the trial.

Fig. 2. Graph of a representative subject's velocity throughout one walking trial. The dashed blue
line represents the frame-by-frame velocity calculated from the position of the sacral marker.
The red solid line at approximately 1.2 m/s is the subject's preferred walking velocity (or target
velocity), while the straight, dashed lines represent ±10% of her preferred walking velocity. (For
interpretation of the references to color in this figure legend, the reader is referred to the web
version of the article.)

4. Discussion
Subjects in this study were effective at staying in an acceptable range of their target velocity
using a real-time visual feedback method of monitoring walking velocity. In addition to the
added efficiency during data collection, monitoring velocity data in real-time also allows
researchers and clinicians to see changes in velocity throughout the trial, rather than just an
average for the whole trial. These changes in walking velocity may be important to note during
the data collection.
There are some limitations to this method of monitoring walking velocity. The data collection
volume must be large enough to allow the subject to be able to adjust his/her walking speed and
the projection must be clearly visible to subjects throughout the trial. However, based on this
study, monitoring walking velocity in real-time may be helpful for increasing the efficiency of
data collections involving walking or running protocols when controlling speed is important, but
a treadmill is not appropriate.

5. Conclusion
Using position data to monitor walking velocity in real time offers an effective way of allowing
subjects to monitor their walking velocity throughout a trial and should result in fewer trials,
which may make gait analysis easier on the subject. During motion analysis, when marker data is
already being collected, this method requires little extra hardware and provides immediate
feedback to the subject and the researcher.
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